In this work, we explain the reasons for which, for some specific problems, interval-valued fuzzy sets must be considered a basic component of Soft Computing.
Introduction
The question: What is Soft Computing? has been answered by Magdalena in FLINS'08 in the work: What is Soft Computing? Revisiting Possible Answers (see 1 ) .
From the analysis of the different reflexions about the defining limits of Soft Computing (SC) in 2,3,1,4,5,6,7 , we note that each time there is an effort to extend the number of components of SC. Taking into account this fact, the aim of this work is to show that there exist some situations where intervalvalued fuzzy sets (IVFSs), also called interval type-2 fuzzy sets, must be considered as one of the basic components of SC.
In Engineering, we use different levels of models to solve a problem, depending on its complexity. In our case, the choice of level (with respect to the basic components of SC) depends on the uncertainty associated to the problem we are considering. Moreover, the complexity of the selected model must be a function, on one hand, of the degree of accuracy we want to get for the solution; and on the other hand, of the degree of knowledge at our disposal to build the membership functions of the elements of the fuzzy sets (FSs) 8 , also called type-1 fuzzy sets.
The use of IVFSs or FSs should depend on the problem under consideration and the model level used to solve it. That is, we consider that it is not appropriate to impose the use of one or another type of sets for every problem. In those cases where the solution is almost the same using any of these two types of sets it is advisable to use FSs, since they are simpler to handle and they have been much more studied. i) The concept of SC is not a static one, it evolves along time.
In
ii) SC is always defined by extension, using different theories that have in common that all of them are used to solve problems that take into account imprecision in the world around us and subjectivity associated to human being.
iii) Fuzzy Logic is always a component of SC. In the same date, Zadeh made the following remarks 1. In fuzzy logic everything is or is allowed to be a matter of degree. Degrees are allowed to be fuzzy.
2. Fuzzy logic is not a replacement for bivalent logic or bivalent-logic-based probability theory. Fuzzy logic adds to bivalent logic and bivalent-logic-based probability theory a wide range of concepts and techniques for dealing with imperfect information.
3. Fuzzy logic is designed to address problems in reasoning, deduction and computation with imperfect information which are beyond the reach of traditional methods based on bivalent logic and bivalent-logic -based probability theory.
4. In fuzzy logic the writing instrument is a spray pen with precisely known adjustable spray pattern. In bivalent logic the writing instrument is a ballpoint pen.
5. The importance of fuzzy logic derives from the fact that in much of the real world imperfect information is the norm rather than exception.
In the world of Logic, we know that given a predicate P on a universe U = {x, y, z, · · · }, there exists a compatibility degree between P and objects in U which provides the truth degree of proposition "x is P".
If we accept the existence of propositions ("x is P") that true or false in some degree, we must extend our logic to the existence of another subsets apart from the classical ones T (True) and F (False). That is, we must think of multivalued logics and not only of bivaluate ones. In case we deal with imperfect information, we must use as basic logic the fuzzy logic. Having in mind these considerations, the following is settled in 9 : Given a predicate P in a universe of discourse U, we suppose that there exists a mapping µ P : U → [0, 1] such that µ P (x) properly represents the value of the proposition "x is P" for all x ∈ U. Under these conditions, we will speak of the Fuzzy Set P defined by the mapping µ P ; that is,
Once this definition of FS has been accepted, from a mathematical point of view we can develop a fuzzy mathematical theory based on this concept. In such a theory, it is accepted that we know the membership degree of the elements to the set. However, in the applied world, it often happens that the membership function µ P is imperfect information and it is not known in an accurate way. For instance, in image processing (see 10 ) the success of the application of FSs depends on the knowledge that an expert has to build the degrees of membership of pixels to the FS representing the image.
These considerations, together with notes (1)-(5) of Zadeh, lead us to say that, in applications where the expert does not have a precise knowledge of the membership function to use for building the FSs, it is appropriate to represent the membership degree of each element to the fuzzy set by means of an interval. From these considerations arises the extension of fuzzy sets called theory of interval-valued fuzzy sets, that is, fuzzy sets such that the membership degree of each element of the fuzzy set is given by a closed subinterval of the interval [0, 1]. Hence, not only vagueness (lack of sharp class boundaries), but also a feature of uncertainty (lack of information) can be addressed intuitively (see 11 ) .
We know that most enumerations of SC components include Fuzzy, Neural, Probabilistic and Evolutionary Computation as the four basic components. Nevertheless, if in a particular application it is very important to build the membership function with "very good" accuracy, and if the experts do not know how to do it, then we must use IVFSs. From these reflections and from the atudy done in 12 we propose the graphics in Fig. 1 . Analyzing that figure, we deduce that we can also build hybrid approaches using IVFSs, as, for instance, fuzzy neural networks using IVFSs (see 13 ) 
A Note about Interval-valued fuzzy sets
These sets were born in the 1970s. In May 1975 Sambuc (see 14 ) presented in his doctoral thesis the concept of an interval-valued fuzzy set named a Φ-fuzzy set. That same year, Jahn 15 wrote about these sets and Zadeh 16 discussed the representation of type-2 fuzzy sets (fuzzy sets such that the membership of each element to the set is given by another fuzzy set) and its potential in approximate 2.-Each interval represents that the expert has a clear idea of a lower and an upper bound for the membership degree of an element to the fuzzy set, although he or she does not know which is the exact value of that membership. From our point of view, this interpretation is the one we must use when working with imprecise information about the degrees of membership to the FS. Therefore (see 29 ), for us, membership functions of intervalvalued fuzzy sets are not as specific as their counter-parts of fuzzy sets, but this lack of specificity makes them more realistic in some applications. Their advantage is that they allow us to express our uncertainty in identifying a particular membership function. This uncertainty is involved when interval-valued fuzzy sets are processed, making results of the processing less specific but more credible.
We think that the main problems of IVFSs nowadays are the following (see 11 ):
• A large number of contributions are generalized adaptations of the theoretical developments of fuzzy set theory. This prevents us from focusing on the nature of interval-valued fuzzy sets themselves and studying the properties possessed exclusively by these sets.
• In the early work on this theory, Gorzalczany presented the concept of the degree of compatibility between two interval-valued fuzzy sets as an interval (see 19 ). In some of the latest publications that we have read on intervalvalued measures of information, these measures are defined as a point on [0, 1]. With this modelization, what is achieved is that the relation between different interval-valued measures of information is a copy of the relation that exists between these concepts in fuzzy set theory. However, we consider that in this case we lose the information that would be provided by a modelization of these measures using intervals.
• to be a very good thing. Nonetheless, we consider that this duplicity in the name can cause confusion. We have observed that in some papers results that have already been known for many years for interval-valued fuzzy sets are presented for interval type-2 fuzzy sets. For this reason, we believe the name should be set, otherwise, the complete bibliography that exists on interval-valued fuzzy sets should be taken into account.
Other objections to these sets can be found in 31 . However, taking into account that in present day the power of computers is very big, we consider that it is advisable to use IVFSs instead of FSs in those problems where there exists a large imprecision in the information that we need the functions of membership to the FS.
Applications of Interval-valued fuzzy sets
In last years, many research works making use of IVFSs have been published. In this section we do not intend to make a precise description of all of them, but just to show the wide range of applications that thse works cover. We think that the importance of these applications provides another argument supporting inclusion of IVFSs as a basic component of SC. A feature of all the works we are citing is that results obtained when using IVFSs are better that those obtained when using FSs. 
Compute with words and perceptions, Interval-valued fuzzy sets and Soft Computing
Zadeh (see 52 ) proposed the paradigm of computing with words (CWW) as a methodology in which the objects of computation are words and propositions draw from a natural language. Usually, words in the CWW paradigm have been modeled using FSs or its extension, type-2 fuzzy sets. We know that IVFSs are a particular type of type-2 fuzzy sets, and also that they are the most widely used amongst type-2 fuzzy sets (see 53 -55,30 ). CWW using fuzzy sets has been studied by many researchers, however, the limitations of using fuzzy sets in CWW have also been pointed out by several researchers (see 56, 57 ):
• Herrera and Herrera-Viedma (see 12 All these reasons, together with the applications mentioned above and with the fact that in 1 (page 8) Magdalena points out that that CWW and Perceptions should be considered as a basic element of SC, support our statement that there exist some problems for which better solutions are achieved when IVFSs are considered a basic element of SC.
Soft computing and other extensions
We know that, apart from IVFSs, there exist other extensions of FSs (see 61, 62 ). In Figure 2 we show some of them. From a mathematical point of view, it has been proved that most of such extensions are equivalent to each other; for instance, Atanassov's intuitionistic fuzzy sets and IVFSs. However, from a conceptual point of view, each extension is different from the others, and each of them has originated to solve a different problem.
Fig. 2. Some extensions of FSs
The fact that in recent years IVFSs have been more applied and studied than the other extensions has led us to write this paper from the point of view of IVFSs. Nevertheless, we have already said that one of the main features of the SC concept is its evolutive character along time. We believe that in a nearby future, type-2 fuzzy sets will be more studied, and, when the computer power becomes greater, they will be also the most widely used extensions of fuzzy sets. So we think that that in a few years type-2 fuzzy sets will have to be considered a basic constituent of SC. But today it is not even possible to suggest such possibility.
Conclusions
From all the comments we have made along this work, we conclude that: a) When the accuracy in the construction of the membership function of the elements of the FS is not very determinant in the final result of the problem, we must use FSs, since they are easier to handle and they are much better studied. b) If we use SC techniques to solve problems where we need a relatively precise solution and very conditrioned by the membership function we use, then we must impose that IVFSs are basic elements of SC.
Finally, we must remark that IVFSs are useful under appropriate conditions. We do not want to state that using them is always the best option. Once again, as Zadeh itself pointed out, we are in the presence of the famous hammer principle: when the only tool you have is a hammer, everything you find is a nail
